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Studying motor fitness of schoolchildren is one of the most important issues in school physical education [1, 2, 3] . A solution to this issue is related to the following perspectives:
• optimization of motor activity, health promotion and protection of children and adolescents [1, 4] ; • planning and control of motor abilities development [5, 6] ; • improvement in teaching physical exercises [7, 8] .
The papers by Liakh [9] , Ivaschenko [5] focus on the search for means and methods aimed at developing motor abilities in children and adolescents. The researchers determined the principles of strength development methods, revealed regularities, means and methods, as well as pedagogical control over motor abilities development in schoolchildren [9, 5] , identified the influence of various forms of lessons on improving motor fitness of middleschool-aged boys, found that boys of this age undergo an overall development of motor abilities [10, 11] .
The analysis of scientific literature showed that: • strength fitness can be regarded as a basis for speed and endurance development [12, 11] ; • circuit training method is effective for developing general and local strength endurance [12, 13] ; • combined method of strength development is preferable for overall development of muscle groups [14] . Thus, additional research is needed to study the impact of a series of physical training classes using the combined method of strength development and the circuit training method on the dynamics of strength abilities and strength endurance development in middle-school-aged boys.
02
The study purpose was to develop methods for strength and strength endurance development in middle-schoolaged boys in a 4-week physical training cycle.
The study object was the process of physical education of 6 th -8 th grade boys.
Materials and methods
Participants. The study participants were boys of 6 th grade (n=35), 7 th grade (n=36), 8 th grade (n=36). The children and their parents were fully informed about all the features of the study and gave their consent to participate in the experiment.
Research Design. The study was conducted in a 4-week physical training cycle. For experimental groups, lessons in developing strength and strength endurance of shoulder muscles, abdominal and back muscles, leg muscles were conducted according to the following scheme: combined method of strength development, 1-6 classes; mode of exercising: dynamic effort method, 5 repetitions with a 45-second rest interval between sets; maximum effort method, 3 repetitions with a 45-second rest interval between sets; isometric effort method, 3 repetitions with a 45-second rest interval; repetition effort method, 10-12 repetitions with a 45-second rest interval; circuit training method, 7-12 classes.
The circuit training included two classes aimed at developing shoulder muscle endurance (first -maximum, second -50% of maximum), two classes developing abdominal and back muscle endurance (first -maximum, second -50% of maximum), two classes developing leg muscle endurance (first -maximum, second -50% of maximum).
For control groups, an overall development of motor abilities was carried out according to the curriculum during physical training classes.
To solve the tasks set, the following research methods were used: analysis of scientific and methodological literature, pedagogical testing, and methods of mathematical statistics for processing research results.
The experimental group was tested before the experiment, after six classes of combined strength development and after six circuit training classes. The control group was tested before the experiment and after a 4-week cycle according to the school curriculum.
Testing procedure. The testing procedure included commonly known tests [9, 5, 16] The study protocol was approved by the Ethical Committee of H. S. Skovoroda Kharkiv National Pedagogical University. In addition, the children and their parents or legal guardians were fully informed about all the features of the study, and a signed informed-consent document was obtained from all the parents. Tables 1-6 present the test results of strength fitness of the control and experimental group boys.
PEDAGOGICS PSYCHOLOGY
Results
After the combined method of strength development (see Table 1 Table 2 ), the experimental group boys showed a statistically significant improvement in results in the set of tests (p < 0.05).
The According to the Eurofit motor fitness tests, after a 4-week training cycle, the experimental group boys (see Table 4 ) showed a statistically significant improvement in results in the set of tests (p < 0.05).
The During the experiment, the control group boys (see Table 5 ) showed no statistically significant improvement in the test results for most parameters (p > 0.05).
A comparison between the levels of strength fitness of the control group boys and experimental group boys after the experiment (see Table 6 ) showed that the 6 th grade boys of the experimental group had statistically significantly better test results of strength and strength endurance of shoulder muscles, abdominal and back muscles in tests 1, 6, 7, 8, 9 (p < 0.05), and statistically significantly better test results of leg muscle strength in tests 10, 11, 13, 14 (p < 0.05).
A comparison between the levels of strength fitness of the control group boys and experimental group boys after the experiment (see Table 7 ) showed that the 7 th grade boys of the experimental group had statistically significantly better test results of strength and strength endurance of shoulder muscles, abdominal and back muscles in tests 2, 3, 6, 7, 8, 9 (p < 0.05), and statistically significantly better test results of leg muscle strength in tests 13, 14 (p < 0.05).
A comparison between the levels of strength fitness of the control group boys and experimental group boys after the experiment (see Table 8 ) showed that the 8 th grade boys of the experimental group had statistically significantly better test results of strength and strength endurance of shoulder muscles, abdominal and back muscles in tests 2, 3, 4, 5, 7, 8, 9 (p < 0.05), and statistically significantly better test results of leg muscle strength in tests 10, 11, 13, 14 (p < 0.05).
Discussion
The study assumed that the use of the combined method of strength development and the circuit training method in a 4-week physical training cycle would positively affect the dynamics of strength and strength endurance development in 6 th -8 th grade boys.
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After six classes (1-6) using the combined method of strength development, the 6 th -8 th grade boys showed a statistically significant positive dynamics in the results of strength fitness and endurance. The largest increase (by 20.3 %) was observed in shoulder flexion strength in the 6 th grade boys. These data supplement the findings of Cieślicka et al. [10] , Ivashchenko et al. [15] on the effectiveness of the combined method of strength development during school physical training classes.
After six classes (7-12) using the circuit training method, the 6 th -8 th grade boys showed a statistically significant positive dynamics in the results of strength fitness and endurance. The test results increased by 2-11%. These data confirm the findings of Poperekov et al. [13] on the effectiveness of the circuit training method during physical training of children and adolescents.
The study ascertained that the use of the combined method of strength development and the circuit training method in a one-month physical training cycle positively affected the overall development of motor abilities in the 6 th -8 th grade boys. The obtained results of the study characterize the peculiarities of the dynamics of middle schoolers' motor fitness and supplement the data of Ivashchenko et al. [17] , James et al. [18] on the holistic character of motor abilities development in children and adolescents; the data of Blagrove et al. [19] , Prykhodko [20] on the regularities of motor abilities development in children and adolescents.
Consequently, the study results indicate that the combined method of strength development and the circuit training method in a 4-week physical training cycle have a statistically significant effect on the dynamics of motor fitness of middle-school-aged boys.
Further research is required to study the regularities of development and relationship between muscle strength and endurance of middle-school-aged boys.
Conclusions
After using the combined method of strength development (1-6 classes) and the circuit training method (7-12 classes) in a 4-week physical training cycle, the middle-school-aged boys showed positive dynamics of strength and strength endurance development of shoulder muscles, abdominal and back muscles, leg muscles. The dynamics of strength and static endurance of the local muscle group is strongly influenced by the combined method of strength development. The circuit training method is effective to develop dynamic and static strength endurance of the local muscle group. For overall development of strength and general endurance, it is effective to use a combination of the combined method of strength development and circuit training method in a 4-week physical training cycle.
